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INTRODUCTION

This report is intended as a presentation of our experimental

developmrnts In the hydrophone field, The standardized and special

types. of hydrophone construction will be showni together with sources

of.bsic mfatrinl. Eqiipment development In this field will be re-

viewed end recnimended Puggestions for further development efforts

will be auggested,

BACKGROUND..

In the early days of lltdon L boratorts underwater resetrch

activity, the widely used eeoustb. detectors were expensive ooeuerclnl

barium titanito devicem having limitations under high hydrostatic'.

premsures. Xn the Mechanoal-En gibeering Section, experiments Wore

conducted to ascertain the 1racticality of making our own hydrophones

betteur suited to deep water use. The first problem wr that Of finding

R suitable bntking materini which would not diminish the sensitivity of

the barium titanate cylinders used. An experimental program showed that

thO density of the baeking materWl, particularly in the low frequency

range of listening, had no perceptible differencr on the sensitivity of

.. N&1'7d y- A hyarophune unit -s made which 'met -6ur deep sea needs

and has been our standard type detector since. Details of this unit

wi.lI be explqkned below.

As need arose, other probleys were encountered io the assembly

techniques of those and other types of listening and transducer units.

More recently, improved equipment requirements have pointe4d up the need

for better hydrophonies from the strdp oint of better sensitivity and

higher capacity, nd this has given rise to a more critical approach in

the choice of materials and In assembly methods. Recent efforts have

been made to meet theae demwnds by the use of better ceramic materials

(zirconates), and by the improvement of packaging techniqics(shirldlng).



WAIC AGO UI r TOOl S

1. L &NQR II&T k-N The most baskc listening
tool tot.tbe inborntory, Oohow in Pig. 1, will be ansliertn -in

detnl1. This 4e a sorlos-wirnd I0tiree-ell. unit with ai capacity

of W00 miorotnrjd, suid n Mcnsitivity of about *~2db per rlyne em'

A --g u t4no Rni4nW141. The borluiw titaniutcI UryoVA1, u Od A n
the stndard.Lthroe-nlvomcnt hydrophotto wore saleated witt thu

Physical

Cytiw1lros 1 .01*i Out Aide'd Iametor

Lengrth 1- iii
WAll thicknon A P.proximotely I/B In

Electrode surface applied to within i/8 in of Inruice.

and outside odqes of cylindor.

ElOOtrical,

* Cajn;cfty of at' loas .018 mlcroaridn

Uniform directiork of polsrization

Dielectric constant (Rt. 25CC)

B -fg~. he envelopen !or the series-connected plautio-flln

oryatnis wore bottomed cylinders mnde of rho-C neoprene compoundi,

hoving acoustic trnsmisslon properties closely approxlnntttg

those of water.

C - lSS~u~d.n.The series cornierLions, lwr MinJil with an
Insulated ten~olite wire while the takeout wires were-mode oif Sajnnl

F -Corps wire MWITT), sielected for the durability of its insuiatienr

in the compreasive type of rubber seal gland adopted sucessfully

All d~b mnAurrvu.it henceforth in ti report will hao tlis
same reference.



1

ImpI

A 4N

,4-M t,

II. iI

b;tr 
j



Ifor w'i aesprvaii high prvssir., u-se in Iaboratniry de~vces. [.owi

tompera ture solder was useu wit Lii aMf inMum of he0at It emperilturc-s

IIIIov* high rune.' point of IaoC w Ili destroy polarizat ion).

0 - PiaStlc Mgteyh4.a lFxperlmtu-nts indicated tOut a cm'ple!tvly
plastic-filld bipcking for the t/nree-Pemont asso mbly wits

wholly sntlsfaictory. A room curi ng epoxy rfrin plastic was found.

lowavur, the excessivoeoxotherm approached the high transition

point of the barfium titarno mntwxial nrind throntoned t-he polar-

izatlon of the orystnl. A maple wood dowel wn~s employed as nn

assembly ofld ns wellt as a filler, ;Ind this lowered the knit volume

of' the curing pinstit nd coinsequently thv exothorm. The fP~oKY

resin used hadl the disadvantage of. high viscosity presentIng the

Problem ut ttotrupment of air in the oapsulatedf unit. A suitable

"thinner" material was found which MAde6 the. plastic more fluid

at no appreciable meohanlveil or uloetronic Maerifli.i ?iTh plast-ic

tinnily ndopted was mado up of Aries #34Epoxy Rosin, Aries 2101
Hardener, and a thinner material,

E - 1"vd rebhmAsemby Pragedure The threte cryatals were first 4 -

wired In suriva, und u wooden down previounly drilled and pro-j &

Vinod VIx',h Signal Corps wire leadii, wits inlsrted into the qtacke'd

cylinders, After the rvmaining oannections of the Signal Corps

wires to the crystals were made, the whole assumlbly was loweredP

into the boot.. The capacity wag checked, and the plastic was

prepared~ for, pou r! ig. To a hase woight af Ar S04 ENpoxy Re'sin,

10 per cent 9101 hlardevner (di phony lami no) and 6 per ce'nt thinner f

(atye~nv oxide) wore added, Tho materials were stirred ait a slow t

r ao to prevent entrainment of air. About five mtnutes of mixIngw

time fur the plasctic was suff~fitrt before it was nourod inta tho

4ISSembled unit, Manuail manipu lation of the boot as necessary to

eliminate air bubbies, a pusssIbV cause of acu.,tlc lossews and

rnecbanicisl wvokiiesses. The compietety plasticized unit. was all1owed N;

to "cure," for about twtflve hours bf-fort, calfiration.

Y4'



- ~ I~uL ir l'.j~Q~~t~ The ixt nded
section of the boot oil the aemIuletely plasteied unit was applied

over a corrugated metal projettion on tie equipment, and 'an acre-

seal hose clamp was ustd .to sucuru it. The void between the metal

atid the plaAti.c was compltely filled with cantor oil, 'thus at-

Cording a relatively Incomproes~aile badking neoesnary in high

:pressure use.

G Material ASouroes,

wore available from. sov.tO1a
courcos, (So luter soo*Aon on euoply problem#.).

Final selection was made only after actual assembly

and evoiluation i suampiles.

- The lnt.erotnneting wire for the orystala wS
uTonsolite *1402A, Made by "o'nsblite Wire and COble

Company, Terrytown, New York. The enre durable

lead.a were of Signal Corps wire WD TTmade for the

Signal Gorpb by many wire concerns.

- The bnot ns mntnifrnured by B. F. Goodrich

Industrial Products Gpaspe;y. An original pttetrn.

was mado and rote ied by the company. Roots were

molded on order fr,.i ? eek neoprene sijock S359'3I
a material with greater reslstante to damage by sun-

light or oil than rubber, and vth the desirable

O .omAtio properties of.pure rho-C rubber.

-,j~i The epoxy plastic used was Aries *304, the

hardener Arios A 101, and the thinner styrone oxide.

All of the above were procured from Arlen Laboratories,

270 Park Avenue, New York City. Mony other industria.

scuroes of £ofqarable products are also available.



II. SHIELDED ThREE-ELEMENT HYDROP|IONES

A - General Conmnents. The Electronics Department studied the

eff',cts of shielding the standard three-element hydrophone to

diminish electrostatic pickup. Their findings ir.,icated that

the -;;,ivldcd hydrophoae finally developed (see the diagram in

Fig 21 permitt.d a 35 (lb improvement at a sacrifice of I db

;n sensitivity, T'Ahe c.Facnitv )ft the completed unit was about

006 microfarad;, and sensitivity about -93 db.

B - Shield Materials. Copper screen wire, aluminum foil, alumi-

num foil insulation paper, perforated foil insulation paper,

and a boot lining of conductive silver paint were tested. Best

results wero obtained with a single-sided foil paper.

C - Insulatfon MateriaIs. As the electrode surfaces of the barium

titanate crystals we,'e exposed to the shielding material, an

insulator was necessary. A material sufficient for the proper

shield spacing and at the same time not solid enough to resist

pe-meation by the plastic was finally found. Fish paper, fiber,

milar, and fiberglass screen (46 mesh) were tested, the last with

the most favorable results.

D - Assembly Procedure. The proc.dure outlined for the standard

three-element hydrophone was followed up to the point where the

assemblea ana wireu ctrys,". .... _ t. 4"to the

boot. The crystal assembly was "rolled" into a 4"x5" piece of

fiberglass screen which was fastened with scotch x33 tape. The

shield paper (single foil) size " "was applied tightly to

the screen insulator with the foil side out. The bottom was also

shielded by folding the lower extended side !eil under the unit.

Connection of the shield (aluminum) to the outer electrode surface

of the top crystal was made by an uninsulated wire which was

secured with a "giob" of conductive silver paint. After the

shield was secured with strips of scotch X33 tape, It was lowered

into the boot and "potted".

Developmenta) work on shielded hydrophones was conducted at
Hudson Laborauarle by Thwas Pappas.

-6-



F~b.agJ~jf~th~geenuOmeth wis procuredt troyn
Iirnujc WoveAn Products Co., 51 Cnmcdon r't
latorsoi, Now Jersey.

hield MatRUIat, an alumi'4Umn tefictivo Ifls~istiof

"?oilItex", warn msnutattvtrod by Hermey Paper tning

Company, Meiroso, Mans.

-A'lQn T=ja 4756fwas nht'j4Thd from F, 1.
Dupont da Nouru, Eleetro CNAWuIe Dopart$oent,

11.THRE-1N0 DIAZTKH IIYDIUOPES

~ii g"UfLj. 'This; typo of unit .IN made of barium t1tinate
y lindoylg of the. totlowinq dimpfnsionts, 3-in outsid diameter,

6-in irnuth,. and thicknemsos lot 3/ 31 in and4j in *The most
ignifflosn ,uethais1 feajtu'e of thin type of assembyu*so too;

uMso of nn At Oxy plastic- to glue the end pliates to the crysta Is.
Wi'Ihout additiona backing, the 3/12-ia Wailed oylinir with-

* stood prossuros up t6 4950 psi,, Fit which point the cyllinfdr
It is not known to what maximum pressure the unit

11 mv4ill. The-f crystal, witheament-ed- ejd plates, was fitted-
* with 0. rubber hootwbloh In turn iorn made secure with stainless

at e aM oro-sual hose clamps (see Fig. W1.

IV,. MdIwEWto- HIMH CAPACITY RYDROPHONES

*A - Th Is u n it ae!deslgned for a particular
situt ion in which no preemp was to be used,'where a high ca-,

*pacity woo needed to reduce line itupedance. The configuration
Of Crystals and thb norlea-parallel wiri-ng arrangement was

* desigUned to meet, the need of the electronic system employed (see

* Fig. 4),;

-7-
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r1)1fight Il I- lclI n - f "trnu~i dnztik b~'twecn
two Staineless sLeet ptates of 9-in dirnnrtter. Thruc xubanseu-

*bli!'s were rnadv mp qf thirty-six orystals arranged in stacks
AiMx crysals high. Crystals within e~oh stack *wnre parallel
wrd, whi le rte three clus'rt. of thirty- six crystal-, 'we&'
serios wired, forming the comploted unit. This ;osalt4 In a
rec~eiver with it capotity c4 Ifl mtiorrivdd a senskivity

C -AjjJj~f~jggue In tho prollmti ary asatoly operatIon.
nine--inch rods *vre tormtd by gluing six trysta.o toluether with

P.i. plastlo (to 1,0 discused below),. i $suoh rods vfra
bundled together end all thirty-six crystals were palrallol
wi ved. -Th rt.A s-ugch nwo moo~egwr rrange stmeht in

the. form of a hexagon On tho italInIs ase5P ptat0. mne6y*

wnre then sroo WOUd with the torm!nal leadgs broughot gut ir,ugfl
TOO compression seals in the uppar stainloss steel plate. A sotaI.

mold sprayed wit sold release wa securely belteo around tOfs
entire assembly, and It, was then piasttied. CAre "A' observe

to fil all voids cozplve!ely.' Aftor the piastio was thoroughly
6 ured i-this took, nppraxiateiy7 one Oay) . 'Cit MOl1d 'An- remveld-.-.

and a rubber alewve, made secure with stainless steel hosp clamps.
was ktn applied,

U£ntkmi#Ltion. Conaideruble experimen~tul effort. was
sipent In -astertaining that the crystals, located
well within the eater'peripho.ry 6ft the unit, eon-

itibixted their equal share to the overall sensitivity

c-of the assembly, Prototype to$ t units werei made with
VndivtdluaI cr~il eonnuotions. Calibrations were then

mode, and it Was found that a crystal surrounded by
shxouter cell; matched them In Individuul sensitivity.j 4
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large unit of thkt kind wir pouring n lnrte volume
of plas5tic without artrt~ n o othtrm of deletnri-

ous e~ffect on tho polarizantion of the cry~tni com-

pononts. Exhaustive e,perimentrition with many types

of- Plestier Curing at 11om trmprriture resuiltped in

the Selection of a filil modifitdj epoxy plastic

w hich met our reuquirements. This Is u thraa-caatpionent

p!T";tlr wknuflrtured by. the FInIronic Plastic Car,
673 llerby Streetr Brooklyn, New York. The finM]

formulation was 2 per cusnt Harrdener ~band 2 pow cent

Activraor 12 ip-e n ?d' fnRnn Rr-ain #M';3.

V, IITRSONIC PRMII I1YIWWHONES

A - 'fhis typo Of .iatefllihg j~OO .ii it 1s

"Iden at c bar)Mw ttitatt cylinder 1/16" dw'aoter, by.

1/16" length. 'It haq purticular appllotitv1n"1Ali

trequency ajcustLa study.. Bec(ause of' its pimnat\ a izse,;

diflURfIM were'oitoe An acrtving Nt o wmitibfutory

ii -s~s&~tktTwo *ehods'of rscitiitg wore \J~valopcd

with aumross, one s rigid mount mad the otlwr u fl*41

wiro mount.

tL~~k~LUWlt~fl~~i. Tb a wa-s t hc type
of unit that was used wonre c mre probie location

of the probe wes essential (SeA Fig. 5). The u tI t

was mounted at the end of u brikn capilIlary tub) ikg.

Wire cnnu'ions to the smell Icrystal worp Accomplisheud

through the use of silve-conducting taint. For

Insulation, a thinned neoprene canting won applied

repeotmdly until or infinite rosA~tanre rowding be-

twoet the eleetrivai tervel1 and the water into

WHiO the unit had been submorge& yen attained. This

type of probe bed a capacity of 3Nx) micro-microfaraia

with A 15ensittivity of -i-10 (lb.



.Vi~iVv W~t j~uU i Unt, This Unit mar one wt

W.8 ade 1by mi'untirn the I/lb-iln erystal ora ojr

insulanted wire, which had thu wire strands stpread

out and rulled hack inside the crystail (see Fig. 0).

ThP wire waA seeurYd electritally and mechnniealy

to thxe, Internal electrode of the crystal by moans
of slver condaoiatng paint. Neoprene was applied
to trip off thrp unit and secure thfe, uflt to tihe wire.,.
Insulatlon. 'The' Iasulation of the second' wire was
secured to the first; a 'single w~ve strand was
brought to within 1/0 in of the Vrystui where anr

slirctricsil rontart wan; made botwe~l it and tho r 'it*

side electrodn by mens of siver oonducting j thIL.

Thn -tested 110n t wax then. insulated with n neeprekne

Cotig -

UAqMn jDAWnkrn Th A5O, obt a I tied

from Qatis ; n~inoering Co., 100 S, West Stkoet,

WI1mn~o" Dwaliawe

ttgrx MaX,wvrc secu red from Clevito Eloctic
Camponnre, CI'Weland, Ohio.

U=.vdu~n PA atE. 1. Dupont U'4756 was' used.
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CRYSTM. SCPLFY I'RLEMS

In an effort to Ieet laborntory rrwl rerm-nts for hydrophontes

having at leant the stnsitivity of our standard callbration 11ni1H

(-91.5 db), a set of basic- requirpments for dimonsivn8i and aloctrical

properties mas sent to mil-; known cotnercini compuniea denling In. pivlo-

electrlc mSLteiRnbs Cetain rnquh'en~vnts. tonult bo vared. but. the

loer &iklrie ppint ould hot be above O0, and In the attainment of

* thi& in tvrtium titonntn mmterinl n nertrdnr part of the mPensitjivity was5

neoexnartly sacprificed. Some maunturorn ostfered n thinner fli led(

crystal lh Ofl attcmpt to Mtoi grootor cdpaet~y and b~st~~y ut

the finail evaluation was not very encouraginq\ At war, evident that

2 thoe better kon suppliers, manking' standard units under Navy Spoci-k

fioatlons) did not and apparently could not moot lludanti Laborato-rxes
roqulrenunts witboat mhajor Modfliatiot of routine ceramic ihea or

* crystal dlmennions. -In procti.cally n.1t cnses they s0iowod great Vf%

luctanco to ainy variation iof "Navy Speo ol8 , which weoeobviously low.

Some of the companies that did supply teat Cample; from '.he. shfelr hnd

an interior product. Others mAnde xome modifiCationi, but 6qalui tho

results of the finished crystpl wer(I not atisfactory. At 0hv pre,;Pnt

LUme, none of the companies i.s able to supply wholly satiq~factory,

erystuAl, it !a very probntiie that our standard units. are Made from

an unmodified barium Litanate material Wn, therefore, exhihit a higher

sensitivity than the 3amples. the best we have been able to procasrv

for oeluation were kauplos -103db equivalent to about -92db in

a completed three element unit. Tlnist below our proposed require-

flu;by 1.5 db.

MUlkqASL..Eyf.Jli.2flo. A snotiple crystal, receivod foy Apprisal Cram

onte of the various compan~es, was made into a single cell hydrophone

In the same fashion as our stap-.ard "three element" unit.. It was re-

(erred for calibration, and itka sensitivity was compared with that of

competltiva crystals, Our calibration (atmospheric) device uses



rSMMt P rnmnnr t/ v'i 111 rrnrlf 'Vr i ati on twhiee the, witre stnnibnrl. "Ir

"Urli~o Cna!i zr,t''d lin, t Th'El ra~qr, (if fi-que-r t ;urmtj 1I!-

L'5tfl ~from 2 to 11.4 eye 1r, por 8ocmt,I

.* p~ll$v,. A lix nOf manly Of th companips contac ted may 6e fouind
In the Appendix.

ObsevntAM.Of oil the simplex tpstedi, It Was found thnt MIMI,
ti1ifactarlJy met laboratory ihnanria. Ont? of the crystolt (U. S.

S~nin) idicaed rt tecopabl ~nsr~v~y, ut at n uncrifien
of Caipacity of .0055 W~. It. Is evidwnt tb nt the barium 1.tts

nvhtni ul 1now, mdli fled for a doprrcsd curtc' point, to incarpable
of produtcing n acceptable unit (-92i db).

tMA~kR~iWLSAI.Stmples of Woad tironoto material wore t.Je
i nto ii- u-cIoin hy'.ruphtne wIith a enooci ty of .04516 micro-
fnirns and 9 wsritiivity of -04 dlh. Tlwsp lead zsi rwinAtt hydrophong.

Cost Oboult five tlMnigar mAIuch As baritm titanate hydrnphonde,. It has
1b(0e1naNgovstm~i thiL by mon"A Of Ai Jicious11 Selection of Crystal si;&C,
two ziroonoto (,lement; cou)d he usd inm4 eid of thre: Wh rMsutan

iensitivity would bv higher than thnt of the stahdmrd bmriu0 titanaltta
hydrophonio by 2 to :i 111, A further modi fication of this two-clement

hydraphone, roversing the polarization of one of the two crystals,

wulud obfitto the mroed for shielding, thoreby saving d b normally
sacrificed int a uhielded unit. A two-olownt hirconute hydrophone of'

cup~nb~e >;t ivty offr;,'is an additional advanttwle, a capAcity

higher thpin that of the 14rivicard hydrnpb~oae. The poss~bi liLes In the
dusign of' such a hydrophono are now builng Investtgated. .

ALLIED 0EVELCPMEPJTS

I. P, T. Crvgtpl Evaluates. In the cQIITsu ut our !tudv and ovaiuuticn
F of 1-in barium tianate cylindors, a test device was developedt

*hich has ahown some promise an a crystal evaluat- r atwa itptiarity
Inditator (too Figs. 7 aindO'1, Tihe doviue actually tests the stakic
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vol on.-charu' itv I opi in of 4n ry lt i rt! tmmm nftr eat i a nc'i

cylindriczil rubber boot an. n lnuer. As air presvurr iv iipplI Id
betwen be ontancrndthe rubber bant, the atter compresnos

librioar, the presr isuddenly removed anud n reotrd 'Of voltaqe

output. of the rsllJ mnearured ofl a high pwfsl ste"Ce itfosoe

For simplieity in? oertion, the* air siupply is clontrolled by e

2 . - ~Ppd~r.Thi firty teist operfation con1.1tlat of inse~rting

1.he cryNtal into ther rubr boot, Pr i io atiou of the erygtal-
Is ttilned by n Xczattig rod Nilch It 'ivi thdrrwnt from the' crystalI

after location, The doublot..poie, domkaikdhrov Switch Is n1onnOly
itioiod such thet the air out let Is openo and the inlet Is closed.

Opeyritioa of this switchi applies the rkaiunted ttir pressure to the

KCrystal, 4Povorazil of the switch opeils the exhaumst rveleasing the

presstire and conemyrently the Oercricolcbliargo which is mansured

en the soupe. Direction of the puise also indicatos uniformity of

tsa~~i~iM ~ Ca.rrotion has beein oxperimntalty indlcoted
betwkeen -the voltago output of the crystal and the actual sensi-

tivity ase-,rtaiseid by the calibrationt depaRtmovt;' However, f rthet
.developmcent work Is, required before a vAlid rolatlonship caon he

cotabllahed. The mechanicel force Applied with this dnvlco Is in

the rodial direction, and the olecotricol force i. measured in this
'sarm diretilon (the diroctian of polurI7tation) giving ant Indication

of the response of the cylinder. This Voltage output in Closely

reliated to the d 33  quality factor proposed by crystal manu facturers.

some of the voltaqe measure(!, however, possibly is attributable to

influencoe of olutput due to Voncurrent, mechanical force I. the liength
otide or ire circumferential mode referred to as the d3  coeffliit.

Fr our laboratory use, nevertheless, the overall measurermcit IS
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tveluai (i1d nly If It in )b' tzm. Ukdis n As C'flh sut ,ctoifltnii vaci

it ti tc w h.r--witi 1 ca ittr.-gtiof (osL It !z. Fuirtttlr t!iivr~ ittion

Wi I I! I g4sn ,I t. siC if rv 11t 1() u.ttLd41i I it h 11 NVa CU 11 -i S o 0f t114w t0 P , .
Somt' 314rnin inte ete o isurrncti gtnd the calibratted

sensitivity wtre Yeen in semv cryntalrs where there Ws A wdo

(11 Pnrf ty of t, atplc I ty a Mf tlim e(woni t -'vtom 1St- Ma I tI lol 1e T

the nvr-d fnr liIpIin s coretion Nector based or.tpeipaitive inflili

rv si ne(,r ii 1e lit I ia 1 i l v C15'IilI SQ . gf t 1f fe lby thIecpre t i

nrrn mr n iput.

I, ~$X~14Aia~itY 1 1 .Anh,,T too)I for thi. study f cryst~

ptirra-a" x. nt 5toviret p-iaittInl t1w h.App I;c"'troa 'IIH rastovh I of
q bi y r h l, *fl tr, ,. nnwn Pi i m '9n I ,1, .4 Ct-or .

Qi. ), 'rho Asuiskbcf! riThov11-If ti! 1WrIght, naucsfb rclonse n r
:1 ' itac.111 Which itt NtitIarr' ill t:in osaca at'scct0Ote. Sinlb' o;'fttl

* uro spcrpoi'lcs litr tt the cI I~t #"(Ice 1 .4i C;vti . 1111 tho' dlrt-cliot of(i

pubeizitinthe mc settl hudL4 rgerUtand to CAw 0 4: coe -

frarat o thy peIo~-Otrre. atvvrl tetedY-, Farther Work isg

bwuap diane Withb this tool II in tf ua Iibratd' l~ tilto gt) Ca qtl

its ueslirlhie vxlue in 4tryital iiyniittioi,

ML. .ilfect of Ttlckeid Plasitic tan Ciital Sensitiviy. An unusal

Phehsaitnon was obseie In tho intrcvneul sensltijvity of a barium
Li tntm crTystaIl hit 1 1,1 ;ISynrs of plats~o pplit?d to it, progrUviivoly

lnnreali Ili~ otameter A23 surces.ki-n yorv ci piattic wverD lippilu.

thel wrsa s roferrod fatr calioratian. Two such sampirs Were observed,
&uAnd the reslults of thosi Louts arn shown In Figs. it) and 11 on 'the

ro llIowig pageca, I 'sth 11w i o of sample X.6I), it we AILticed that an I
increase in the diameter of the crystal from the orIif I-k tin to

1 In by the Applicatitin of a Vr m-rurccf epoxy plaitic Improved the

4sensitivity of the crystal froo 104. 5 db to 102. 5 dh. The expert-

nwitl is conu111ini iiTtie mtore Ythap the 11ia observation ot this

- unuisual resuilt was acco'pllshed at the tie of this wriig. hut It
j sIght be suggested that. similar experiments might he conducted with

i three-vlemernt units. The offect of other vyp's of plasi wiLh
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varying d,.nsities might be pursued. Certain possible explanations

fo, th, eftfct hav, een proposed,. The most plausible one is that

the embedded crystal in the laroi, surrounding plastic senx:; ?lhe

pressure wave to which the nti re rurface is exposeid. The plastic

act- ,s ,vr transmittinq the accurulated pressur? signal to

the ,vtt.ctor. Moro developmentni work will be purs,,,d to attempt

to ,exploit the vailui- this flndintj may have in future hydrophone

Cons truc Lion.

CONCLUSION ANI) RECOMMENDATIONS

The, efforts '(ended in the manufacture of hydrophones

at hudson Laboratories were worthwhile, aside from the financial

benefit, because flexibility of hydrophone deslgn was thereby

made aviiilable to equipment designers. Variable configurations

of ,'omeltry and electrjcal wiring were permitted without undue

stress since all of. the components and the techniques were at

hand.

In thc sound source department, too, variation of design

has put into play some of the skills developed by the hydrophone

group. Cnsiderable further experimental effort should be expended

in the interest of developing some of our earlier findings and

improving our present materials and skilis.

It has been su ggested by another laboratory (Naval Air

Development Center) that for an expenditure of less than ten thousand

dollars, a ceramic laboratory could be set up capable of producing

crystals better suited to the needs of Hudson Laboratories than

those available from the inflexible industrial firms. Such a

facility would also lend itself to developmental improvements in

the piezo-electric i ,erials and would permit variability of shapes
andJ sizes. A ................ o for the setup of this facii tyj# L

""ii = ~ . AEUI;nUllillU I VII • LIU'--~UA Lh1 Ld ."I i..

being published as an addendum to this report.
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it is suggested that in the immediate future the matter
of the improvement of sensitivity by the application of thickened

plastic coverings on barium titanate crystals be further investi-

'jated. The observed increase of 2 db on a single crystal should

be further investigated, and the possiole utilization of the phe-

noM('ntn in hydrophone design should be considered.

The use of zirconates as replacements for barium titanate

elements should, beca:i-.- of their more acute sensitivity, be in-

vestigated more fully. Evaluation thus far has shown their merit

for high prssuro ;,nd low temperature use; however, obtaining

them is still the major problem. At present, only one supplier

is avai lable, and for this reason prices have not been depressed

by ",pctitive influence.

Future developments in the hydroplione field will be pre-

sented periodically as addenda to this reprt.
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APPENDIX

13ARIUM TITANATE SUPPLIERS

Name Type of Sample Capacity Sensitivity

Solar Manufacturing Co., Si-agle Element .0125 mfd -103.5 db
4553 St'vi I Iv Av e.
Los Anr iels 53, Calif.

U S Sonics Single Elements .0055 mfd -102 db
625 McGrath Highway (Special mix for
Somerville, Mass. low temperature use)

Clevit, Electric Components Three Elements in Series .0160 mfd -93.5 db
3311 Perkins Av, Zirconates Sample (con-
Cleveland 14. Ohio sidered elsewhere in

report)

Sprajut First Sample .016 mfd -103.5 db
North Adams, Mass. Single Element

Three Elements
Thinned Wall units .0169 mfd -94 db.

Unable to modify further
zirconate after Jan. Ist.

Gulton Industries First Sample .019 mfd. -94 db
212 Durham Ave. Three Element
Metuchen, N. J.

Second Samp?, .021 mfI -103.5 db
Single Element

E:cctro Ceramic (King) Single Unit .0135 mfd -103.5 db.
2645 South 2nd West
Salt Lake City 15, Utah

American Lava Corp. Three Element .0145 mfl -94 db.
Chattanooga 5, Tenn.
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Avro Physics
1 o. Box 60)
Santa Barhara, Catif.

Cvntra lab Corp
900 E.Keefo Avo,. Possible future sources, not now in a position tO

Milwaukt..,, Wi.. ,> supply samples or production quantities.

Eric Resistor Co.
University Park, Pa.

General Electric
Electric Components Div. )

Naval Air Development Center Ceramic A .018 mfd -91-92 db.

Johnsville, Pa. crystals Curie Point
100 C
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